Everolimus is an inhibitor of mammalian target of rapamycin with anti-tumour activity. While everolimus is known to cause drug-induced pneumonitis, it is rarely associated with Pneumocystis jirovecii pneumonia (PJP). We report a patient on everolimus therapy for metastatic breast cancer that developed PJP. Diagnosis was based on clinical features and a quantitative polymerase chain reaction for P. jirovecii DNA. Clinicians should consider PJP as a potential cause of pulmonary infiltrates in patients treated with everolimus.
Introduction
Pneumocystis jirovecii pneumonia (PJP) continues to emerge outside of the historical setting of HIV infection, especially with the development of new immunomodulating therapies [1, 2] . Everolimus is a mammalian target of rapamycin inhibitor, and has an important role as an immunosuppressive agent in organ transplantation [3, 4] . It also has anti-tumour effects and has been employed for treatment of a range of malignancies, including neuroendocrine, renal cell and breast carcinomas [5] [6] [7] .
We present a case of PJP following everolimus treatment for metastatic breast cancer. Although drug-induced pneumonitis is a recognised complication of everolimus therapy [8] , there are few reports of PJP associated with this agent [9, 10] outside of solid organ transplantation.
Case
A 75-year-old female with metastatic breast cancer presented to a tertiary referral cancer centre with a two week history of fever, cough and progressive dyspnoea, one month after commencing everolimus. Eight years prior, she had an in-situ recurrence of her breast cancer, with subsequent metastatic recurrences in the right groin and left axilla, each treated with radiotherapy. Disease had progressed through multiple hormonal treatments (anastrozole, tamoxifen, exemestane and medroxyprogesterone) before starting everolimus and exemestane combination therapy. She was a nonsmoker with no previous history of chronic obstructive airways disease, and her regular medications included ramipril and simvastatin. Prior to presentation, she was not taking corticosteroid therapy or any agent for PJP prophylaxis.
On admission, she was febrile (39 1C), hypoxic (SpO 2 84% on room air) and tachypnoeic. Initial chest X-ray demonstrated reticular shadowing of the left lung, and computed tomography (CT) revealed ground glass infiltration throughout the left lung ( With a history of immunosuppression, fever and elevated CRP, an infectious cause of pneumonia was considered probable. Everolimus was ceased, and the patient was commenced on ceftriaxone (1 g daily) and azithromycin (500 mg daily) as empiric treatment for community acquired pneumonia. Trimethoprimsulfamethoxazole was also commenced (1600 mg/320 mg orally four times a day) for the possibility of PJP. Prednisolone was administered concurrently (60 mg daily).
A bronchoalveolar lavage (BAL) was performed on the following day. Real-time polymerase chain reaction (PCR) of the BAL fluid was positive for Pneumocystis DNA, with a significant cyclethreshold (Ct) value of 32 (Ct value o33 is significant for active infection). The diagnostic sample was tested with the Light Cycler (version 2.0; Roche Diagnostics, Mannheim, Germany), using a real-time touch-down PCR assay to target the P. jirovecii major surface glycoprotein (MSG) genes, performed as described by Larsen et al. [13] . No fungal elements were identified on toluidine blue staining. No bacterial pathogen was cultured, and PCR for respiratory viruses (influenza A virus, influenza B virus, parainfluenza viruses, respiratory syncytial virus, adenovirus, rhinoviruses and enteroviruses), and herpes viruses (herpes simplex virus types 1 and 2, cytomegalovirus, and varicella-zoster virus) was negative. No malignant cells were identified in the BAL.
Clinical and laboratory markers of illness severity (fever, dyspnoea and CRP) improved during the first week. Repeat chest X-ray demonstrated reduction in the reticular changes in the left lung. Trimethoprim-sulfamethoxazole was given for 21 days, and prednisolone was reduced in a step-wise manner over a month. A repeat chest CT at two months showed complete resolution of the interstitial infiltrate. Following the episode, the patient was not re-challenged with everolimus therapy, though exemestane was continued.
Discussion
This is the first report of PJP in a patient receiving everolimus therapy for metastatic breast cancer, where the diagnosis of PJP was confirmed by molecular investigation. The case highlights the difficulties in diagnosis of PJP in the setting of possible druginduced pneumonitis.
A meta-analysis of five trials involving breast, neuroendocrine and renal cell carcinoma reported everolimus-induced pneumonitis in 10.4% of patients [8] . It is not clear if sensitive molecular tests for PJP were employed in all instances where pneumonitis has been identified. PJP complicating everolimus therapy in solid malignancies appears to be rare. To date, there have been two reported cases of PJP in these patient populations [9, 10] . Both patients had metastatic renal cell carcinoma, and demonstrated clinical and radiological features of pneumonitis. In both instances, elevated serum β-D-glucan (a cell wall component of most fungi) was interpreted as evidence for Pneumocystis infection [11] , although the diagnostic approach is less specific than molecular diagnostic techniques [12] . There have been no reports of PJP in everolimus therapy in the setting of organ transplantation. We postulate that in such cases, everolimus is often combined with other immunosuppressants more conventionally associated with PJP, where it would be difficult and clinically irrelevant to attribute a PJP specifically to everolimus.
In our case, the clinical features and positive PCR for P. jirovecii were suggestive of an infective process. Pneumocystis PCR sensitivity is in the range of 80-100% using real-time PCR assays, with higher specificity than standard PCR [2] . The cycle threshold (Ct) value from real-time PCR, as performed in our centre, allows for further differentiation of active infection from colonisation [2, 13, 14] . Expressed as the number of DNA amplification cycles needed to achieve the required fluorescence, the Ct value is an inverse representation of alveolar fungal burden [15] . Recent evidence suggests that the clinical dilemma of Pneumocystis colonisation versus infection can be clarified by knowledge of quantitative PCR results, but there is currently no consensus cutoff value for the Ct value for the purposes of confirming infection [2, 11, 14, 16] . Nonetheless, we report a value of less than 33 cycles as a significant positive result for active infection (the threshold where cysts can still be seen under direct microscopy in a positive reference case).
The association between everolimus and PJP in this case is further strengthened by the absence of other contributing risks for PJP, such as longstanding or high-dose corticosteroid therapy, or clustering of cases within our healthcare facility. Furthermore, we believe that the unilateral distribution of the interstitial changes and the presence of high grade fever were more suggestive of an infective process than a drug-induced pneumonitis.
Host immune response to PJP relies on the range of cells that include CD4 þ T cells, CD8 þ T cells, alveolar macrophages, dendritic cells and neutrophils, with CD4 þ T cells playing a critical role in recruitment and activation of effector B cells to eliminate the organism [17] . Everolimus inhibits proliferation of both B-and T-cells [18] , and this may be a mechanism by which predisposition to PJP is incurred. The effect of cumulative dosing over time and subsequent risks for developing PJP require further evaluation.
Our patient continued with exemestane hormone therapy for her metastatic breast cancer. To date, there are no case reports that describe a link between exemestane and pneumonitis or PJP.
The incidence of PJP in patients treated with everolimus is not known, therefore the need for PJP prophylaxis in patients on everolimus outside of solid organ transplantation has not been determined. What is clear is that unrecognised PJP can lead to deterioration in a patient's condition [10] , especially if the patient is further immunocompromised with other agents that increase vulnerability to PJP (e.g. corticosteroid therapy when drug-induced pneumonitis is suspected). Clinicians should consider the possibility of PJP in patients with an undifferentiated pulmonary infiltrate who are receiving everolimus therapy. Early recognition of PJP (through BAL and quantitative PJP PCR) or empiric PJP therapy while awaiting diagnostic evaluation is justified in these populations.
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